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done as an extra arm and when you have -- but the 

comparison was done to the control group in the open 

study. When you do that, you've got to be very 

careful. And here I think we haven't been so careful 

because I do think there are differences between the 

patients. It was minimized, 1 think, at various 

points, but there are differences if I read it right 

and, of course, again, I'm just a statistician so I 

might not have read it right. 

But if I understand right, the 

laparoscopic patients had less previous back surgery. 

What does that mean to me? Well, they haven't been in 

to the doctor so much. I mean, that's good. They're 

maybe at an earlier stage because they're on more non- 

narcotic as opposed to strong narcotic medications. 

Okay. They have better pre-op neurological scores, 

better SF-36 MCS scores, better leg -- they look like 

they're a healthier population, just from my 

perspective as an unbiased -- well, I think I'm 

unbiased, as a statistician looking at it, how is 

that? 1'2.1 say that. 

NOW, if you have differences in a group 
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and you want to make a comparison to control and you 

have differences of some sort, you really should think 

about making some adjustment for that and I didn't see 

any adjustment. So that's a question I have. The 

results look very good. In fact, in some cases, 

they're called superior but I don't think any of those 

analysis I know of made adjustments for perhaps that 

the laparoscopic patients were better to begin with. 

I don't think that happened. 

So with respect to laparoscopic, I think 

we're in a situation where there is a possibility that 

an adjusted analysis would change the conclusions 

somewhat but I don't feel, given they had reasonably 

good results, I don't feel it would change it so much 

that we should discard the good results we have. You 

do have some what I would say advantage there because 

at least the laparoscopic patients that were better 

turned out to do better, that's at least comforting. 

But I do think an adjusted analysis might give us a 

slightly different story there. And so on that note, 

1 think 1'11 stop. 

Thank you. 
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CHAIRPERSON FINNEGAN: Thank you. That 

was, as usual, very enlightening. What we'z-e gorng to 

do now is I'm going to ask Aric to put up the 

questions and then we're going to go around the panel 

and I'm going to ask each panel member with their 

expertise and their comfort level, to discuss their 

concerns, questions and perhaps, some thoughts they 

have on what's been presented so far, and just to warn 

you I Stephen, we're going to start with you. 

DR. KAISER: Okay, as I mentioned earlier, 

we've got some general topic areas where the questions 

are coming from and as we move into the first area, 

reproduction, teratogenicity, we have several 

questions that we would like you to discuss in this 

area and would you like me to go through all the 

,questions in the topic and then come back to the 

beginning? Okay. 

In this area, the first thing we'd like 

you to do is discuss the potential for an immune 

response in the mother to effectively block BMP-2 

expression in the developing fetus. We'd also like 

you to discuss the potential that the fetal expression 
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of BMP-2 could restimulate a maternal immune response 

and cause adverse effects in the mother. 

1'11 go back to the first question. 

CHAIRPERSON FINNEGAN: Actually, I'myoing 

to have you run through them all, all the questions. 

DR. KAISER: Okay, all right, the next 

category, tumorigenicity, we'd like you to discuss the 

potential. for rhBMP-2 to stimulate growth of 

transformed celLs. Now, I want to mention and it's 

been mentioned previously that this category and the 

previous category are based on potential issues, 

hypothetical issues. These were not things that were 

seen in the clinical data set presented by the sponsor 

but these are things based on information from the 

literature that could happen in the presence of the 

growth factors. 

Okay t next radiographic effectiveness and 

this is a question that comes actually from the data 

presented by the sponsor. Given what you've seen from 

the sponsor data and from our presentation, we'd like 

you to comment on interpretation of the radiographic 

findings at various time points in view of the 
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following factors; the presence and resorption rate of 

the collagen sponge, the carrier for the BMP, the 

progression of bone repair in the presence of rhBMP-2 

in the case of the investigational patients and the 

absence of rhBMP-2 in the control patients and the 

relative ability of bone formed at various time points 

to withstand the applied loads. 

Now, we move onto some things that based 

on the data we'd like to get some input on some of the 

labeling issues with this product. The first thing, 

with respect to instructions for use, we'd like you to 

provide some suggestions for adequate instructions 

with respect to the radiographic interpretates, so 

based on the previous question if there's anything 

that we should be putting in the labeling. 

In addition, we'd like you to discuss any 

other specific training that should be implemented 

with respect to this product. We have a number of 

questions that are related to post-market studies. 

The first has to do with reproduction in 

teratogenicity. FDA believes that additional animal 

studies may be useful for assessing an immune response 
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effect on fetal growth and development and so we'd 

like you to comment on the need for these studies. If 

you decide that these studies are necessary, the types 

of studies that should be performed as well as 

appropriate animal models. 

In the area of tumorigenicity, we've 

described and the sponsor has described that there's 

been an agreement to conduct some additional studies - 

additional non-clinical studies to evaluate 

potential for rhBMP-2 to stimulate transformed cells. 

And what we would like you to do is comment on whether 

there are any additional studies beyond those ones 

that we've already agreed to, to address this issue 

and if you believe that there are, we'd like some 

comment on the type of studies to be performed as well 

as the appropriate animal models. 

And then finally we'd like to have your 

comments on the use of ongoing post-market registry 

data bases to further assess potential for congenital 

abnormalities. And as with the previous two 

questions, if YOU believe that registries are 

recommended, we'd like to have some input on the types 
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of data to be captured. 

CHAIRPERSON FINNEGAN: Okay, thank you. 

Just to clarify for the panel, I would like you to 

give your opinions. If you have questions for the 

sponsor, you might give them a heads up but we're 

going to go around a second time with specific 

questions for the sponsor, so this is mainly a generic 

discussion of your concerns and any thoughts you have 

on the questions. Dr. Li. 

DR. KAISER: I'll leave this first 

question up and then let me know when you want me to 

pop to the next one. 

CHAIRPERSON FINNEGAN: I think we've got 

a copy. 

DR. LI: Yeah, my materials and 

engineering background doesn't exactly equip me to 

answer this question directly. A heads up maybe to 

the FDA or experts or the sponsor, I guess my question 

would be, are there any examples of any agent, 

pharmaceutical or otherwise, that actually passed all 

the in vitro tests that you've done on tumorigenicity 

or teratogenicity or the other things that you've 
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tested that actually in vitro did not cause any ill 

effects but actually turned out to act~~al ly have 3 

clinical effect? Because if the answer is yes, then 

I'm really stuck with this question. 

CHAIRPERSON FINNEGAN: Dr. Doull. 

DR. DOULL: Yeah, my question is 

peripheral also, and it's a heads up. When Dr. Hudson 

was talking about BMPs he mentioned the fact that 

there's a lot of variability in specie sensitivity to 

these agents. That also was brought up a couple other 

times and it's in our book and my concern is usually 

when you have intraspecies variability like that, you 

also -- or interspecies variability, you usually also 

have intraspecies variability. Yet, as I understand 

it, you' re talking about taking a vial of this 

material, a standard dose, diluting it up, putting 

that on the sponge and putting it in the cage and it's 

the same dose for everybody; old, young, male, female, 

whether they are immuno compromised. 

And if that's true, it makes it a little 

hard to look at the worst case kind of assumption that 

one would like to make to evaluate systemic toxicity 
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as opposed t;o local toxicity, 

CHAIRPERSON FINNEGAN I 

. Dr. D 1 arr?cnd? 

DH, DIAMOND: 1 guess my concerns have to 

do with the antibody assays because I'm concerned that 

they represent arbitrary numbers with a definition of 

authentic response but no definition of a biologically 

significant response and I think that, you know, one 

doesn't know what a neutralizing antibody titer is and 

-- unless there are studies that haven't been done and 

WC! certainly do know that antibodies, maternal 

antibodies can cause problems in a developing fetus 

and the IgA antibodies may not get across the placenta 

but they certainly get into milk and get into neonate. 

So it+ about the antibody assay. 

C~IRPERSON FINNEGAN: Dr. Hanley, sir. 

DR. HANLEY: Yes, I'd like to preface my 

comments by saying that I've been to many of these 

meetings before and served as the chair of many of 

these. I'm a non-voting member at this meeting 

because of my previous involvement in studies on the 

spine and particularly in some of the initial. studies 

with BMP use on the spine prior to what is going on 
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current sponsor Medtronic Sofamor Danek. 

1 L-l e 

Several years ago we had a meeting of the 

Food and Drug Administration Orthopedic and 

Rehabilitation Advisory Panel with regard to spinal 

conditions in an attempt to set some criteria such 

that sponsors would have a good idea of what was 

needed for us to pass scientific judgment on what they 

did. Heretofore, 1 have personally not seen studies 

put together in a fashion that we could do it well. 

I would compliment the sponsors on meeting 

all the criteria which were set down several years ago 

and I don't know if anyone's here who participated in 

that but what they have done is exactly what we've 

asked people to do so that we could make our job 

easier and not spend all afternoon saying, "'What did 

you mean by that", or trying to make up for things 

that weren't there. 

So I applaud them on their issues. I'm a 

spine surgeon, a clinician and I view myself as 

reasonably knowledgeable with regard to the issues; 

spine surgery, the selection of patients, the 
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performance of the procedures and the use of .the 

implants and materials under discussion here. 

We will not and cannot solve the enigma of 

back pain in the selection of patients for surgery for 

it here. It is not part of this discussion, I do not 

believe that radiographic issues brought up have great 

pertinence to this presentation. They are what they 

are and our opinions on what's better if any of CT, 

regular radiograph, bears not on -- in my opinion, on 

decisions that should be made here. Those are part of 

the clinical practice. 

It's nice to see that they included CT. 

It just means they're trying to give us everything 

that could be meaningful but I don't think it matters 

in the long run if the device is deemed to be approved 

and is approved, that the criteria be set up for what 

a practicing clinician should do. 

That's a study issue. I'm sure plain 

radiographs are just as satisfactory and the patients, 

ultimately if this were approved, operated on with a 

device that should not be -- need not be subjected to 

CT unless for specific instances such as a clinical 

NEAL Ii. EROS8 

(202) 234-4433 

COURT REPORTERS ANO TRANSCRlBERS 
1323 RHOOE iSLAND AhE, N.W. 
WAS~~~~T~~, D.C. 20005-3701 



1 

2 

3 

4 

5 

6 

7 

8 

9 

LO 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

212 

failure. 

Some of the other things that might not be 

apparent to non-clinicians are issues like blood loss 

and blood loss is so small in all the groups that it 

makes no difference. The length of stay, however, has 

some import and this is one time where not taking a 

bone graft probably does dramatically improve the 

length of stay issue, particularly in that other arm 

that we criticized a little bit, laparoscopic arm. 

I'm not an expert on teratogenicity and 

tumorigenicity and that sort of thing. I think we'll 

let others who have more expertise work that out. I 

think the issue here at the table today is mainly one 

of labeling, indications for use, trying to put in the 

proper perspective for -- if approved for people 

utilizing a device, how best it can be controlled and 

doing some appropriate follow-ups on it. This is -- 

it's been a good experience, one of the easier ones 

I've seen. Thank you. 

CHAIRPERSON FINNEGAN: Gene. 

RR. SIEGAL: Well, if there's a good cop, 

1 guess there has to be a bad cop, too. 
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CHAIRPERSON FINNEGAN: You said that with 

a smile. 

DR* SIEGAL: I have a number of issues. 

I do think that the sponsor did everything that 

reasonably could be done as far as the radiology, 

especially by acquiring the expertise of Dr. Genant 

and his associates, who is a world renowned authority 

and I feel very confident that everything that could 

be done radiologically has been done. However I 

histology/pathologyhas been eluded to multiple times, 

both in the pre-clinical and the clinical. 

And it was used as the gold standard, if 

you will, to validate the radiology. I have a multi- 

part question depending on the answer and the question 

goes something like this. Were those veterinary or 

human pathologists that did those studies, neither or 

both? Did they work for the company or was there an 

independent vetting of the pathology results? Were 

the pathologists recognized as experts in bone 

diseases? 

Changing subjects, as I understand the 

carcinogenicity issues, two pancreatic cell lines 
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showed increased proliferation in the presence of BMP- 

2 and one patient developed pancreatic carcinoma -while 

receiving the therapy. I would like to hear that 

coincidence or a potential problem. I wonder too, way 

off the topic perhaps, that at the time of surgery, 

the rhBMP-2 must be rehydrated, if I could use that 

term, with sterile water and then must be, quote, 

"applied evenly" end quote to the ACS which is loaded 

into the cage. Why was it not discussed pre-loading 

the BMP-2 sponge to maximize even distribution, either 

requiring hydration by perhaps emersion in water or 

pre-hydrating it and packaging it to keep it intact? 

And to come full circle back to the 

pathology question, I wonder would it not be of value 

to do a carefully controlled radiology histopathology 

study with pathologists to see, in fact, if there is 

a gold standard one against the other? 

DR. KIRKPATRICK: I'd like to echo some of 

the other panel comments, that that was quite a well- 

prepared presentation and a substantial data set to 

review. A few questions that I'd like to see 

addressed are, you mentioned that you have data beyond 
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24 months. How complete is it and did YOU see a 

deterioration in the clinical results which 1s 

something that we often see with other fus1an 

techniques? 

I would like to see if you could provide 

me with some general insight with the expression of 

BMP-2 normally in the time course of the fusion. In 

other words, do we have any information on when BMP is 

normally produced in the fusion healing process and 

whether the application of the BMP-2 at the onset is 

coincident with what it would be in the autograft 

group I for example? I imagine you already have that 

data. 

You mentioned that the metabolic pathway 

of SMP was through the liver but I did not hear a 

specific of what that pathway was in the liver and the 

package insert, as 1 recall, indicates that no liver 

studies were done. I'm wondering since one of your 

explanations about the toxicity was the fact that it 

was rapidly metabolized, what liver impairments would 

prevent it from being rapidly metabolized and as such, 

what liver enzymes should be checked prior to giving 
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the device or using the device. 

And the next question is perhaps one, if 

we find it approvable, in light of the history of the 

pedicle screw off label use, how would you recommend 

guarding against off-label use of this product, 

especially the rhBMP-2? Thank you. 

CHAIRPERSON FINNEGAN: I basically have 

two areas that I would sort of like to see discussed. 

One is there were some ve.~y nice elution studies of 

the BMP but you didn't look at elution or I didn't see 

any data for elution from -- of the BMP inside the 

cage and I would suggest that that's probably a 

different pattern than just BMP in a sponge. 

And the other thing that fascinated me 

that I couldn't find anywhere is why did the cases 

that failed fail. You picked pretty straightforward 

pretty simple spine problems and I was wondering if 

you have any feeling for why the ones that failed 

failed. 

DR. NAIDU: I'd like to comment -- 

congratulate the sponsors for doing an excellent 

outstanding study. I thought it was very well 
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presented. The data showed that the device is 

effective and with regards to safety, I will hold on, 

I'm an orthopedic surgeon with a biomechanics 

background. 1 will defer that question to the 

biologists on the panel, but in general, from what 

I've heard at least, the antibody response was 

detected in only three of the patients and from Dr. 

Miller's comments, it appeared as if hardly any cross 

the placenta barrier nor the amniotic cavity and our 

respected panel member, Dr. Reddi, goes on to comment 

that this is a normal substance. We should not be too 

concerned about it. And so I will defer that thought 

to Dr. Reddi and the rest of the biologists on the 

panel, 

But as far as the radiographic findings, 

I think that it appears as if at least from the CD 

Roms, the CDs that I got, the disks, the fusion mass 

started to show up at six months as the sponsor 

stated, and the thing is 1 don't have any time zero CT 

scans to judge as to what it would look like. I can 

only imagine the collagen sponge would be hollow and 

it would be black. It would only be logical to assume 
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that. So I think that there is bone forming, but I 

don't know the mechanical integrity of this bone. 

And Dr. Kostuik stated that at least eight 

millimeters of bone must be needed to -- a thick -- 

eight millimeter thickness of bone must be needed to 

stabilize an intersegmental fusion. And the other 

thing is in light of Dr. Kostuik's comments where he 

stated that it is hard to judge on flexion/extension 

views mainly because of the superior instrumentation 

that we have developed today, such as segmental spinal 

fusion devices such as pedicle screws, it's hard to 

depend on flexion/extension views. Those are the 

words that I recall from Dr. Kostuik. 

These are not -- you don't have pedicle 

screws here. You just have two cages. And so I would 

assume that the flexion/extension criteria that you 

guys used would be credible at least. That's what 

common sense would dictate to me at least. But I 

think that's all to an issue to discuss further is 

just the stability of these devices. Are they similar 

to these pedicle screw constructs that 

flexion/extension views and angular distortion is not 
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considered credible as a radiographic criteria, 

1 think that you guys have shown 3 px-~~t~ 

reasonable product here that seems to be safe 311lci 

efficacious but obviously, there are some issues as 

far as packaging and I'm also assuming that -- this is 

actually a question to the sponsor, that you are 

seeking approval for this for degenerative disc 

disease with less than grade one spinal disc thesis 

(ph) for single level fusion. That's what I'm 

assuming that this device is up for. If I'm wrong as 

far as that goes, I would appreciate clarification but 

thank you very much. 

CHAIRPERSON FINNEGAN: Dr. Boyan. 

DR. BOYAN: I have just two issues that 

have come up in my reading of the documentation and 

the discussion today and overall I, too, want to 

compliment the applicant. It truly was a beautiful 

package to read, but the two comments I want to make 

have to do -- one with mineralization and the other 

one has to do with antibodies. 

And the mineralization has to do with how 

the use of CT and x-ray. I would like to echo the 
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comments from down at the end of the table that it's 

very difficult at least early on to determine whether- 

or not something is bone or if it's just remineralized 

collagen and given that . you're using a collagen 

sponge, even x-ray or CT isn't able to discern whether 

or not that's bone, bone or if it's a graft that was 

fortuitously structurally remineralized. 

And I say that only as informational 

because the only way you could ferret that out is with 

histology and you're not likely to take a nicely fused 

human and do histology but to bear that in mind in 

interpreting the data. The other comment has to do 

with antibodies and while I may not be as concerned as 

some people are about this future consequence to a 

pregnant person and her fetus, I am somewhat concerned 

about elderly individuals and people who are likely to 

have mure than one experience with this device in 

their lifetime. 

And if there has been any consideration 

given to people that might have multiple surgeries at 

different times and whether or not we're sensitizing 

them to be BMPs and sensitizing them to type 1 

(202) 234-4433 

COURT REPORTERS AND TRANSCRIBERS 
1323 RHODE ISLAND AVE., N.W. 
WASHINGTON, U.C. 20005-3701 www.nealrgrcxxwom 



3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

221 

collagen. 

Reddi. 

CHAIRPERSON FINNEGAN: Thank you. Dr, 

DR. REDDI: Yes, thank you for giving me 

this opportunity, Madam Chairman. First, I'd like to 

also compliment the sponsors for giving us a good 

package but however, I have some questions which J was 

not sure whether I should outlay while I made a brief 

presentation or not because I'm a novice at this but 

I will very soon learn. 

But I would like to ask as far as the 

tumorigenicity is concerned, whether the sponsor or 

some of their contractors have done studies because we 

are really interested in induction of tumors as 

opposed to stimulating growth of transformed cells. 

I found copious amounts of data on about 60 cell 

lines. A lot of cancer research today in the United 

States has shied away from cancer research because it 

doesn't mean anything for the human patient, because 

you can get whatever you want in a cell line, it might 

please some FDA regulators, but we are really -- it's 

a very important issue from the point of your patient. 
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If YOU really want to study 

tumorigenicity, it needs to be done in a living animal 

and I wanted to find out if such attempts are being 

made or being thought about by the sponsor, so I'd 

like to find out whenever the time is opportune for 

that. 

The other quest ion concerning the 

antibodies, I wanted to find out if the sponsor in 

their volumes of study have developed antibodies to 

the native SMP-2 as opposed to anti-peptide antibodies 

or monoclonal antibodies because you might make an 

antibody to a peptide by one of the scientists in 

Wyeth-Genetics Institute but f would like to see if 

there is such data and if such data is available, I 

would like to strongly recommend that the 

transplacental passage of these antibodies to native 

recombinant BMP-2, does it cross and does it have any 

adverse effects on the fetus. 

That's a very important thing because we 

have been dancing around this issue. 1 think we need 

to do definite studies in order for both the -- to 

allay the fears of both the patients as well as the 
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surgeon. 

CHAIRPERSON FINNEGAN: Thank you. NOW 

we're going to get a definitive answer about x-rays 

and CT scans, right? 

DR. LENCHIK: I thought we were still. 

talking about teratogenicity. I don't have much to 

say about that but to your preview, the sponsor, 1 

have a couple of questions relating to CT. The CDs 

that we were given, the quality of the CT really 

varied widely from having real quality CTs with 

beautiful coronal and sagittai reconto other CT scans 

that were virtually uninterpretable. 

So my question to Harry Genant in 

particular is what was your experience in the study in 

terms of CTs that were potential equivocal because you 

couldn't -- because of metal artifact perhaps or due 

to reconstruction artifacts. And the second question, 

again to the sponsor, what do you think the 

explanation is why there were fewer patients fused by 

CT at 24 months compared to 12 months? 

CWURPERSON FINNEGJW: Dr. Larntz? 

DR. LARNTZ: I don't have any more to add 
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than I already did. 

CHAIRPERSON FINNEGAN: Ms. Rue? 

MS. RUE: I have a coupk questions. 

They're points of discussion I guess. One was there 

was an agreement made with the women in the group for 

them not to get pregnant and they talked that there 

were six pregnancies anyway, not to get pregnant for 

16 weeks and it doesn't say at what time these women 

got pregnant. So I'm wondering what effect that 

agreement held. 

And also, if there's going to be a 

pregnancy registry board, that it include miscarriages 

of the fetus or embryo at any stage and also some 

pathology on that to see if there's any effects on the 

fetus. And also, the fact that the majority of 

pregnancies are not planned and most women don't know 

that they are pregnant for the first at least five to 

six weeks, a lot longer than that, what is going to be 

done as far as that goes prior to surgery. 

CHAZRPERSUN FZNNEGAN: Thank you. Ms. 

Maher? 

MS. MAHER: 1 don't have much to add above 
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and beyond what everybody else has said and I thought 

what I heard was very well put together. I would ask 

the panel to be cautious about trying to mandate the 

practice of medicine as you're going forward and 

talking about labeling that would determine when 

fusion has occurred. I think most surgeons know when 

fusion has occurred and will be making that 

determination on their own no matter what's in the 

labeling. 

So I would ask us to all be cautious and 

think about that. I would go the same way towards the 

concerns about off-label use. I think labeling can go 

into the labeling but there's -- mandating packaging 

or something like that will increase the cost of the 

product to the consumer without probably stopping much 

of what you're probably trying to stop. Thank you. 

CHAIRPERSON FINNEGAN: AlI right, we'll 

now start back around the table and you can ask your 

questions and we'll get them to answer them one at a 

time. Dr. IA.. 

DR. LI: Do I ask the same question? 

CHAIRPERSON FINNEGM: Yeah, the same 
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question or a new one if you have another one. 

DR. LI: Yeah, I guess my original 

question was, if you've done a variety of in vitro 

tests to test tumorigenicity, teratogenicity and other 

possible complications. My question actually was 

either the sponsor or the FDA or panel members, are 

there examples of any agent that actually would pass 

all these tests, Yet turn out to be clinically 

something you'd want to avoid? 

In other words, how -- the fact that you 

passed all these tests, is that actual assurance that 

these things will not happen clinically? 

CHAIRPERSON FINNE5"GA.N: I don't know who 

the most appropriate -- probably, Dr. Riedel, did you 

want to answer that or did you -- 

DR. RIEDEL: To the best of my knowledge 

and the knowledge of my colleagues who are 

professional toxicologists, there is no example of 

such an agent. It would be just hypothesize. 

DR. LI: Okay, my question did ask earlier 

because I was limiting myself tu teratogenicity, was 

on the x-rays versus CT. I guess my question on that 
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is, was the determination of whether or not there was 

a bone bridge, is that just a yes or no determination? 

And if it was just a yes or no determination, there's 

like one spicule or one trabecula that goes from side 

to side, does that count as a bone bridge or was there 

some threshold amount of bone that had to be in there 

to be qualified as a bone bridge. 

And a follow-up question to that is, no 

matter how you determined whether or not it was fused 

or not fused by radiographic approaches, how 

predictive of clinical failure were those radiographic 

approaches? For instanfl-*- were there cases where 

there was a radiographic L;~.L lure but the patient was 

perfectly happy with it and conversely, were there 

clinical failures that radiographically looked great? 

CKAIRPERSON FINNEGAN: I think, Dr. 

Miller, did you want to address the question about 

whether there's been an example of -- in something not 

showing any signs in vitro but turning out to have 

some effects in vivo? 

DR. MILLER: Thank you. Some of the 

estrogens might fall into that category, being diethyl 
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stebesteral (ph) originally and probably that night be 

out closest that we might look at along those lines 

both being tumorigenitic birth defects and for quite 

awhile one didn't have that understanding because the 

right tests weren't done but -- 

CHAIRPERSON FINNEGAN: So there is at 

least one example. A11 right, Dr. Doull, did you want 

to ask your question? 

DR. GENANT: Can we answer? 

CHAIRPERSON FINNEGAN: Oh, yes. Well, 

actually, I think that was -- oh, radiographic, I'm 

sorry. 

DR. GENANT: I'm Harry Genant from the 

University of California, San Francisco. I have no 

vested interest in the product and I'm a paid 

consultant. I've also been a consultant with Ostech 

in the past. 

Now, with regard to the predictability of 

the radiographic features, that is either plain films 

or the CT in relationship to success, we have to keep 

in mind here that at 24 months we did have a very high 

success rate. And so we're talking about relatively 
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small numbers of cases, The majority of those cases 

that were re-operated were not re-operated 

specifically with the suspicion that they were, in 

fact, unstable, but rather related to other symptoms 

and findings that were being addressed. 

So I would say that there was not a strong 

or tight correlation in those small cases between the 

radiographic and/or CT features of fusion and the 

presence, for example, of a need for re-operation. 

DR. LI: Were there cases where there 

appeared to be radiographic failures either by x-ray 

or by CT but were clinically -- had no complications? 

DR. GENANT: There were cases in which 

lucencies had been observed in which there were no 

clinical manifestations. Thank you. 

DR. LI: Thank you. Oh, yeah, the issue 

about how you determine whether or not there was bone 

bridging. 

DR. GENANT: Yes, the question with regard 

to the amount of bone that might be relevant for 

bridging and in particular based llp0I-2 the CT 

observations, I would point out that by 12 and 
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particularly by 24 months, one observed not only the 

bony bridging within the cage, but in the majority of 

cases one observed also substantial bridging of bone 

either in front, behind or on the sides adjacent to 

the cage. 

I'm not certain that we made a 

determination of what the minimum amount for thickness 

of the bridging would be necessary in order to 

consider this to be clinically relevant, but we 

essentially made the assessment of whether we could 

judge there to be solid bony union across either 

within or outside of the cage. 

DR. BODEN: 1 just want to expand one 

point about the dissociation between radiographic 

outcome and clinical outcome which I believe was the 

subject of your question. It is not at all uncommon 

in treating patients with spinal disorders, 

particularly patients that have so-called degenerative 

disc disorders, which is the subject of these 

patients, to have solid fusions yet persistent 

symptoms or cases where symptoms improve and it 

doesn't correlate with the radiographic outcome. 
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So that's inherent with the disease, the 

disorder and even accomplishing a fusion by any means 

independent of whether it uses bone graft or infuse. 

That's particularly why it's important to focus on the 

more direct or primary outcome and goal of something 

like infused, which is to generate bridge in bone. 

When you start to add the overall success factors, 

there's a lot of other things multi-factorially that 

90 into that that go well beyond the device in 

question. 

DR. LI: So you're saying that the -- if 

1 understand what you told me, that the presence of 

bridging bone is not just a biomechanical benefit, but 

it's actually a reflection of other things that are 

going on with the device? 

DR. BODEN: No, I don't think that 1 was 

trying to say that at all. 

DR. LI: Qkay I sorry. So let me follow, 

just maybe to pinpoint this again; do you have any 

correlation from animal data or any other data that 

correlates the amount of bridging bane in any 

biomechanicalmeasurement; torsion, strength, failure? 
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Is there any number that you -- 

DR. BODEN: Well, we showed -- we showed 

in the cases of the animals that the biomechanical 

properties of those fused segments were equal to or 

greater than those with autogenous bone graft at the 

same point in time and so, if anything, there's a 

trend to possibly achieving bony union a little bit 

faster and more consistently with infused compared to 

with autograft, Unfortunately, there's -- the fusion 

can occur through the center of the cage, which is 

typically the way it occurs with autograft and is 

considered clinically to be mechanically solid and 

solvent. 

There's no clinical definition in humans 

of how much bone is enough bone. It's empiric. 

However, I will say that it tends to be a more than 

all. or none response and I think that kind of case 

that Dr. Kostuik highlighted where there was some bone 

but it turned out to be not good bone, is more the 

exception than the rule and we tend to clinically 

think of fusion as a binary event, either solid 

bridging bane and then it remodels because of 
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continued mechanical stress whether that bone was put 

there by autogenous bone graft cx- InF'USE xt~ially 

wouldn't effect the ultimate remodeling. 

And so on the other hand, the clinical 

problem is you never get that union of bone. It never 

sees load and then it never remodels. Does that help 

clarify? 

DR. LI: Yes, thank you. 

CHAIRPERSON FINNEGAN: Go ahead. 

DR. GENANT: Yes, I wanted to address the 

question that Dr. benchik had. 

CHAIRPERSON FINNEGAN: 

around to him in a second, 

DR. GENANT: Oh, okay, 

this topic with regard to the -- 

CHAIRPERSON FINNEGAN: 

ahead. 

Well I we'll get 

it was relevant to 

All right, go 

DR. GENANT: And that was with regard to 

the CT and the quality of the images that were 

reviewed, and I sympathize with you to some extent 

with regard to the review of the CDs. I think that in 

most cases they were representative of the studies 
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that we looked at with the direct hard copy images but 

on the other hand, in some reproductions they did not 

capture the original image quality. 

I would say that overall the CT quality of 

the images that we viewed were reasonable. There was 

some range in that quality but I think by and large, 

were acceptable for most -- the vast majority of cases 

and of course, we had, in general, excellent 

radiographic imaging. 

CHAIRPERSON FINNEGAN: Thank you. Dr. 

Doull. 

DR. DOULL: Well, as you know, in order to 

answer the question about safety, you need to ask 

whether the quantity and the quality of the tox 

studies were sufficient to provide one the ability to 

be reassured about safety and as I indicated, we have 

two kinds of safety questions here. There's the 

systemic toxicity and the local toxicity. 

I think in terms of these studies, they 

were well-described and well-done. The doses looked 

fine and they are standard studies, so that I find 

those reassuring in regard to the systemic safety. 
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I'm not exactly sure what additional studies you're 

talking about that you might do to focus on the 

question of local toxicity transformation and so on. 

DR. RIEDEL: If I can respond to that 

question, Dr. Doull. This is Gerard Riedel speaking. 

You had raised earlier the question of intra-species 

variability raising the issue of -- I'm sorry, inter- 

species variability raising the issue of intra-species 

variability and if I might, I'd like to address that 

question first -- 

DR. DOULL: Fine. 

DR. RIEDEL: -- because I think it is 

relevant to this question. What we have observed is 

that it is the local concentration of BMP-2 applied on 

the absorbable collagen sponge which correlates with 

efficacy within a species and that that efficacy which 

is defined by that local concentration is consistent 

across al1 the anatomic sites where we've tested it in 

that species, and is independent of the total volume 

of the material. that's implanted or in other words, 

independent of the total volume -- of the total dose 

of BMP that's implanted at that site. 
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A more specific application -- example is 

the following e If we implant rhBMP-2 in critical size 

defects in long bones or in periodontal defect pockets 

in a canine what we have found is that the optimai 

therapeutic concentration of BMP-2 on the sponge is 

identical in those two anatomic sites, but of course, 

the volume that's implanted in those two bony defects 

is very different. SO that's the empirical. 

observation. 

Then to address the question about how 

does one appropriate dose in order to assess local 

toxicity, what we took was the strategy that we -- we 

tried to use as high a concentration as was feasible 

in t&rms of manufacture. And in the case of the rat 

implant toxicity study that I described to the panel 

earlier this morning, we applied a concentration of 

BMP-2 to the absorbable collagen sponge that was four 

miltligrams per Mix. That's the highest we can 

manufacture and put an the sponge. 

Now, that's in excess of the concentration 

that's used in the human clinical setting which is one 

and a half miM.igrams per miU.il,iter. However, it is 
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somewhere between 40 and 80 times in excess of the 

optimal therapeutic concentration in rats, which is 

somewhere in the range of 50 to 100 micrograms per 

milliliter, We took this approach in order to drive 

the concentration in order to look for some effect of 

cellular abnormality or toxicity at the local site, 

So we didn't take a total mass of protein 

to total body weight approach, but rather this local 

concentration approach and that's the approach that we 

took. 

DR. DOULL: You're on the low end below 

the threshold for a lot -- in the net conclusion of 

all your tox studies was no effect and that conclusion 

of many of your pharmacology studies were no effect, 

which, I guess it% a little hard to talk about 

therapeutic index for those kind of things, but 

that's, I guess the way the ball park is. 

DR. RIEDEL: YCIR.lr observations are 

correct. We tried very hard to find dose-limiting 

toxicity doses. We were unable in any of our studies 

no matter how high we drove the dose to identify a 

dose limiting toxicity. 
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DR. BODEN: Can I add a word about the 

intra-species variability or inter-species 

variability? 

CHAIRPERSON FINNEGAN: Certainly. 

DR. BODEN : Stated another way, the 

definition of the minimally effective dose for any 

given species was the dose which took out of play and 

intra-species variability. In other words, it was 

defined as the dose that would yield 100 percent 

consistent response in that species. And because 

there is a pretty wide range of therapeutic excess, in 

a sense, if you lower the concentration below what 

we"ve defined as the minimally effective concentration 

for a given species, you will see animal to animal 

variability but the way those are defined for each 

species is to take that out of play. 

DR. DOULL: 1 was struck by our EMP 

experts. They're all telling us about the variability 

and sensitivity of different organs, of different 

cells, fur example, and it just seems that that kind 

of variability between species, between cells, between 

-- that surely there must be a little difference 
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between an immunal compromised patient for exarrple, 

what she really needs. 

What you did in the rat was figured. out 

how much you need in order to get that bone response 

and what is the maximum that increasing the dose no 

longer increases that response, which gives you that 

nice therapeutic range in YOUI- animal studies. 

Whether one can extrapolate that to humans, it leaves 

me -- I don't know, interesting question, 

CHAIRPERSON FINNEGAN: Dr. Tuan, did you 

want to add anything? 

DR. TUAN: Sure, just around that one 

point. Just along that same direction, a question 

that I think ought to be addressed is also that 

different celLs respond to BMPs in the cell types and 

therefore, the different tissues respond to BMP with 

a different type of dose response, generally, in a 

nanogram for mil range or lower even. So I'm just 

thinking with -- about a couple milligrams at the site 

and then about One percent out there in the 

circulations. 7: can't do the math that quickly but 

maybe it will be useful to give the panel some 
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1s the local concentration of BMP at various tissue 

sites as a function of time, what the concentration 

may be and perhaps that may address some of the 

concerns of the panel. 

DR. RIEDEL: This is Gerard Riedel 

speaking again. This is a topic which 1 started to 

address in my summary this morning. Dr. Tuan is 

correct in terms of the exposure that comes from the - 

- to the body from BMP implantation, And that is that 

we've observed in several animal models that 

approximately one-tenth of one percent of the BMP 

that's implanted at a local site becomes systemically 

available and is detected in the circulation. 

This predicts a very Low systemic 

exposure. But to address the issue that Dr. Tuan 

raised, that is that BMP has effects on different cell 

typf= I we administered BMP-2 protein in buffer by an 

intravenous administration to these animals and we did 

so with doses of BMP that were thousands of time 

higher on a per kilogram body weight basis than what 

was anticipated to be the human expasure as a result 
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of implantation of BMP-2 and the results that we found 

were uniform and they were striking in their 

uniformity. 

We saw no effects. Now we know that there 

are cells that could respond, but we saw no effects 

and when we explored that further by looking at the 

pharmokinetics and the E-o-distribution of BMP-2 in 

these animal models, we found that BMP-2 was very 

rapidly cleared from the circulation, principally by 

the liver and that it was rapidly degraded by the 

liver and cleared through the kidney and excreted in 

the urine within 24 hours and that's the explanation 

we think will, -- 

DR. DOULJL : Yeah, I: think that's an 

important point. In order to define exposure, you 

need to talk about not only the dose but also the time 

and your kinetic studies have clearly shown that in 16 

minutes it's gone in a rat and it's even less in a 

monkey. So in a human it's probably even less than 

that. So if you're defining exposure correctly in 

terms of both dose and time, then you're exposure is 

indeed, trivial. 
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CHAIRPERSON FINNEGAN: If I could -- go 

ahead. Microphone, microphone, 

DR. TUAN : This might also address some 

concerns of another panelist and that is have you 

looked at the same thing in a pregnant animal and how 

much of the BMP that's administered to the pregnant 

mother is found in the fetus as a function of time, 

the pregnancy period? 

DR. RIEDEL: I think it's very important 

for the panel, we'll keep the issue of the protein 

versus an antibody to the protein. We try and keep 

those as separate issues. We have only administered 

unlabeled BMP-2 protein in our reproductive toxicity 

studies but we did administer that protein over the 

duration that was described by Dr. Miller in his 

slides Per the ICH guidelines for performing 

reproductive toxicity studies both before and during 

the early portions of gestation. 

And in those cases, at exposure levels, 

again, that were calculated to be many times greater, 

more than a thousand fold greater than the anticipated 

exposure in humans. We saw no observations on any of 
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DR. DIAMOND: I have a few questions but 

can you just clarify for me something that I think 1 

just heard but I'm not certain. You put in a total of 

five milligrams at a concentration of one and a half 

milligrams per mil; is that correct, into the sponge? 

DR. RIEDEL: 1'11 be happy to clarify. 

DR. DIAMOND: But it's not -- 

DR. RIEDEL: It's not quite correct, Dr. 

Diamond. 

DR. DIAMOND: Okay. 

DR. RIEDEL: Depending upon the volume of 

the sponge, we soak the sponge with a solution of BMP 

that contains one and a half milligrams of BMP-2 per 

milliliter of that solution. The reason why I can't 

give you a straightforward answer is that the total 

volume of solution that we use depends upon the size 

of the sponge. 

DR. DIAMOND: But are you suggesting that 

if you use it at 1.5 milligrams per mil, it doesn't 
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matter if the total amount of protein you give is 10 

milligrams or five milligrams in that reasonably 

Little space? 

DR. RIEDEL: What we have advised surgeons 

and in all of our animal models was to fill the space 

with the volume of the wetted absorbable collagen 

sponge and not to over-pack it. And so, yes, in small 

defects that required small volumes of the wetted 

absorbable collagen sponge, the concentration of the 

applied BMP was the same but the total dose was 

different. So for small defects, they got a smaller 

total dose. Large defects in our animal studies got 

a larger total dose and what we found correlated with 

optimal therapeutic efficacy was the concentration of 

BMP that was applied to the sponge. That's the 

empirical observation. 

DR. DIAMOND : I guess that's a little 

surprising, I think, but so I guess I had a question 

that was raised previously about are there studies 

with liver dysfunction? Is there limitations on who 

can receive this? 

DR. RIEDEL : From a pre-clinical 

NEAL R. GRQSS 
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perspective we have not Looked at the pharmacokinetics 

nor the bio-distribution of BMP-2 in a liver 

impairment model and any animal model. 

DR. DIAMOND: And do you know if the 

pancreatic tumor was receptor positive, the one that 

developed in the individual who got the -- 

DR. LIPSCOMB: They were negative. 

DR. DIAMOND: And can I I ask -- the 

patient. 

DR, LIPSCOMB: Wait a minute, wait. 

You' re talking about whether they were positive 

antibodies? 

DR. DIAMOND: No, 

DR. LIPSCOMB: Okay, Pm sorry. 

DR. RIEDEL: Just to clarify the question, 

I think you were asking whether or not the patient in 

the clinical study who had a pancreatic tumor was 

positive for receptors for BMP-2. 

DR. DIAMOND: Right. 

DR. RIEDEL: Well, the patient is still 

alive about 13 months after diagnosis. We don't have 

any materials to assess. 

COURT REPORTERS AND TRANSCRI0ERS 
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DR. DIAMOND: I see, okay. That's a fair 

answer, a good answer even. 

Can I ask some questions about the 

antibody studies? I guess it begins with were the 

studies in animals with the serum diluted one to 50 

when I don't know, 30 percent of the dogs or whatever 

got -- or monkeys got antibody or was there different 

dilutions in the animals where there seemed to be more 

antibody? 

DR, RIEDEL: I think it's appropriate to 

call one of my colleagues to the podium to address 

this answer. 

DR. RUP: Bonnie Rup, Wyeth-Genetics 

Institute. So the question is -- 

DR. DIAMOND: Were the dilutions of serum 

the same in the humans and in the animal studies? 

DR. RUP: They're basically the same 

starting dilutions -- 

DR. DIAMOND: So what -- 

RR. RUP: -- and we diluted out in order 

to get to a titer. 

DR. RLAMQNR: Why did you start at a one 
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to 50 dilution? I mean -- 

DR. RUP: Yeah, it's our experience that 

generally below that concentration one often sees very 

high background readings that gives you something that 

could be more variability in the background of your 

baseline which could be attributable to antibodies, 

perhaps. It could be interpreted as being 

attributable to antibodies but it's more likely to be 

due to just background high reactivity and especially 

in dogs. We had a lot of problems with high 

background. 

DR. DIAMOND: So did you do any assays 

either in the animals or in human serum to look for 

neutralizing activity? I don't know what the most 

sensitive cell line to BMP-2 is. So I don't know 

which would be the most sensitive assay to look for 

neutralizing antibodies, but I assume that there are 

others here and elsewhere who know that. Did you look 

for -- 

DR. RIP: We have been talking to the FDA 

about developing a neutralizing antibody assay and 

we've made some attempts to start trying to look at a 
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cell line, the same cell line that's used as the bio- 

assay to determine potency of BMP-2, which obviously, 

is a logical choice. But there is -- that assay is in 

development. There has been some difficulty in trying 

to use serum on it, as you can expect. It's a cell 

line that produces alkaline phosphatase in response to 

BMP-2 stimulation and obviously, we'd be looking at a 

reduction in alkaline phosphatase production. 

The serum itself also inhibits the cell 

line's alkaline phosphatase production. So we need to 

work on ways of reducing that as an issue. 

DR. DIAMOND: Using your control, is your 

control, positive control, is it monoclonal? 

DR. RUP: We have looked at -- we have a 

few antibodies that were generated as reagent 

antibodies, both monoclonal and polyclonal antibodies 

and those, obviously, we can test in a purified 

fashion, and we haven't seen any evidence that those 

are neutralizing. 

DR. DIAPKMD: But do you have -- can you 

calculate based on those how many micrograms per mil 

of antibody you have in the serum? 
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DR. RUP: Well, we've avoided trying to do 

anything like that because, as you know, antibody 

potency is really a function of both concentration and 

affinity. And there -- yeah, and so on, so we feel 

like reporting out nanograms per mil. would be 

misleading because obviously, if you test it against 

a high affinity antibody, you get low numbers and if 

you test it against a low affinity antibody, you get 

high numbers and we just feel like that would be 

misleading and, you know, obviously, it's just 

relative to what you use to begin with, so we've never 

tried to do that. 

DR. DIAMOND: 1 guess my concern is with 

the antibody testing that as you know, an ELISA 

depends how much antigen you put on the plate, what 

your starting dilution is, if you don't reduce the IgM 

antibodies and there are lots of IgM antibodies, you 

may not see the IgG antibodies that are present in the 

serum. And it's 3 guess a very artificial assay until 

it is validated with a gold standard of a biologic 

assay because do you know what kind of titer you would 

call at this p5int a clinically significant titer? 
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DR. RUP: Well, that's always a difficult 

thing to do because the intention of the assay was 

just to set up something that was very sensitive and 

would be able to give us a very reproducible assay 

during the duration of a long study. And so one 

always goes in with the intention of just developing 

a sensitive assay and you really don't know whether 

your assay is sensitive enough to pick up clinically 

relevant antibodies until you get clinically relevant 

responses. 

DR. DZAMOND: Wave antibodies been given 

to gestating animals or have gestating animals been 

immunized? 

DR. RUP: No. 

IX?. DIAMOND: And I guess I have another 

question that will. reveal what I: don't know. This 

pregnancy registry certainly sounds like an appealing 

idea but how many pregnancies would you have to see to 

have a degree of fetal loss or teratogenicity that is 

important and how many child bearing -- women of child 

bearing age a year come to this kind of procedure. So 

over the five years we were told is realistic, are 
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numbers, the kinds of l-B..lmberS that will give 

meaningful information going to be available? 

And the answer may be clearly yes or I 

just don't know this. 

DR. LIPSCQMB: W&L, on that particular 

question I did try to run the numbers to see, you 

know, what you could come up with just based on the 

demographics of patients that were in our clinical 

trials and then taking some information that's. 

available in the literature about how often do women 

get pregnant during the course of a year and 1 came up 

with this calculation. 

DR. DIAMOND: Once. 

DR. LIPSCOMB 

Tennessee. 

: As a whole. Not in 

(Laughter) 

DR. LIPSCOMB: But anyway, if you look at 

the slide here that's on the screen, for every 10,000 

patients a year that would receive treatment, and I'm 

talking about all patients, not just women, based on 

our demographics fromour clinical trials, about S,CHXI 

of them will be women. And then if you look at the 
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age distributions that are in our study, then about 

half of those or about 2500 of them would be women of 

child bearing age. 

And then this where the statistic comes 

in, I think we received out of a document that came 

from the FDA, in which this 11 percent of women of 

child bearing age in the general population would 

maybe become pregnant during the course of a year. So 

you multiply 11 percent times 2500 and you get down to 

a factor of about 275 women a year -- 275 women during 

the course of a year out of 10,000 people treated, 

would get pregnant in our patient population. 

Then if you look at our antibody rate that 

we had in our clinical trial and yuu multiply that, 

you know, roughly -- surely less than five but the 

numbers calculate out to about two per year out of 

10,000 people treated may be positive for antibodies 

they get pregnant. So you can see the number is 

pretty small, and even if you put safety factors, 

let's say -- well, not a factor of five. Let's get 

you up t.0 10. 

And at the bottom of that slide, the 
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population rate, this would be -- what would be the 

adverse event that you would expect in the general 

population, whatever, the birth defect or whatever you 

would be looking for, if it occurs at one percent or 

three percent or 10 percent, and if you look at a 

relative risk af two, which would be the doubling of 

the rate versus the control, then you'd need those 

numbers that are underneath that patient. 

So if it's one percent:, you'd need 2,000 

patients or 700 patients fur three percent, so you 

can see by the numbers generated in the population and 

then what it would take in a registry, then to do 

anything statistically meaningful, it's kind of a hard 

thing for me to come to, you know, grips with when you 

start talking about a registry. And this alsq too, 

takes into account a situation where you're just 

taking -- assuming that women are going to get 

pregnant. That doesn't take into account that, you 

know, wumen that have had back surgery which will 

probably lower that number some and it/s also probably 

-- you know, you might tel.1 them not to get pregnant, 

you knaw, for some period of time, so that will reduce 
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it even more. 

In our clinical trial, only about 1.5 

percent of the people gat pregnant. I know there was 

a question, yau said, you know, when did these people 

get pregnant and everybody got pregnant in the study 

after 16 weeks except one. There was one, I think, at 

about eight weeks and that pregnancy went to a normal 

delivery. so the other thing, too, that was 

mentioned, I think, in Dr. Miller's talk this morning 

when he was going through the registry concept, tell 

me when to be quiet, but he gave several reasons why 

you might want to do a registry, I think at the end of 

this talk and it seems like to me some of those points 

that you made wouldn't fit our particular situation 

which was, say maybe a registry wasn't appropriate 

here. 

So that's -- I hope that answers your 

question. 

DR. ~1~~~~ : I guess it seems to me 

though that the numbers of patients who are going to 

accrue over five years and the number of anticipated 

pregnancies is probably at the low end of where you're 
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going to be able to detect teratogenicity for sure and 

even fetal loss and so 1 think that makes it al1 the 

more important to look in animal mudels to see whether 

these antibodies have a potential. negative effect on 

pregnancy outcomes. 

DR. RIEDEL: I just wanted to add one 

piece of information. We have looked very hard in 

making monoclanal antibodies to recombinant humanBMP- 

2 to make an antibody that would neutralize the 

activity of the protein and we've tried for now eight, 

nine years and we have yet to make a neutralizing 

monoclonal antibody against this protein, so we do 

have some technical. issues that we have to address as 

we work with FDA on this matter. 

CHAIRPERSON FINNEGAN: Are you comfortable 

-- you're comfortable with the answers? Dr, Hanley, 

questions? 

DR. I.i.ANLEY: We have one question and that 

relates to one of those letters that was read earlier 

about putting the BMP adjacent to the nerve for a 

posterior approach. It doesn't relate to the 

indication being sought for here but any comments from 
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people on that? 

DR. BUDEN : Ubviously, the risks and 

complications of the device are that of the surgery, 

the insertion of the cage and what"s inside the cage, 

and this specific application before the panel today 

is through an anterior approach, either an open or a 

laparoscopic and to talk about safety issues that are 

related to a different surgical apprsach seems to me 

to be xtside the scope of what we ought to be 

focusing on today. 

~~~R~ERS~~F~~E~~: Actually, I'll take 

a little bit of exception to that because you know 

that in the skilled hands of the people who did your 

trial, that was placed where it was supposed ta be 

placed, but if it goes out into the free market it's 

going to be probably placed close to nerve roots and 

X think that's a really valid question. 

DR. BUDEN: Okay. We can go into it in a 

l.ittle bit mure detail, then. Why don't we go to slide 

36? The issue with the study that's been raised was 

a study where the cage was inserted through the 

posterior aspect of the spine. Why don't we go 
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forward one slide actually? 

And so there was no lunger a barrier, in 

fact, between the cage and the InFUSETM bone graft and 

the neuru elements. One of the other things that 

happens when you insert cages from behind is, in fact, 

that you have roughened surfaces of bone. You can 

have hematoma, sometimes hemostatic agents are put in 

place. As we scce from the anterior insertian of the 

cage, it is il fact, nut uncommun to see bone 

formation in front of the cage from the direction of 

the surgical approach. 

Somebody referred to it earlier as a 

sentinel sign. I think it might have been Dr. Kustuik 

and in fact, that's a very positive thing. why don't 

we muve furward another slide? So the nation that 

there would be bone forming in front of the cage, and 

this is, of cmm3e f a patient from the application 

we're discussing taday which is from the front of the 

spine, the notion that you would have a bump or bone 

in front of the spine, otherwise known as the sentinel 

sign is, in fact, a normal and a desirable finding. 

However -- why don't you back up one for 
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a second -- if that sentinel. sign occur -- if the 

insertion of the cage is through the canal and that 

sentinel sign, if you will, is a reverse sentinel 

sign, and occurs posteriorly, then that C2U-l 

potentially encroach into an area where there are 

nerves. Forward. 

So I would say that itfs nut at all an 

unexpected finding. It s something that, in fact, 

with posterior lumbar inerbody fusion with the same 

cage filled with autugenuus bone graft we see variable 

amounts of bone formation and the patients in that 

study were analyzed in great detail. looking at how 

often that occurred and it was with an intermediate 

degree of frequency and to differing degrees or the 

size of the bump, just like we would expect from that 

anterior approach, but 1 think the must important 

thing in that trial was that the presence or absence 

of that little bony bulge did not correspond with any 

clinically measurable differences between the groups, 

So it was a radiographic observation that 

I would say is not at all unexpected based on QUT 

experience from putting them in from the front of the 
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cage and it is sometfiing that, you know, when you IO& 

at the groups as a whole, groups of patients that had, 

you know, a little bit of bone versus no bone, there 

was really not a clinically detectable difference in 

their outcome. Does that -- 

DR. LARNTZ: Could I follow up just from 

that statement? Did you actually do a statistical 

analysis of that? 

DR. BODEN: No. . 

say. 

DR. LARNTZ: Okay i that's all I wanted to 

DR. BODEN: Does that answer the question, 

Dr. Hanley? 

CHAIRPERSON FINNEGAN: Just one addendum 

to that; was the PLXF -- I don't think you were part 

of it. Was the Sofamur Danek PLIF study with the cage 

not stopped because there were some problems? 

DR. BODE&J: Yeah, the trial was put on 

hold and that was actually a somewhat controversial 

decision which I can take some personal responsibility 

for because I was not one of the participating 

surgeons in that trial and the surgeon group met and 
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analyzed this when it first became apparent that 

people were observing it and actually felt very 

strongly about continuing the trial. 

L as a consultant, wanted to actually 

watch these patients longer and make absolutely 

certain that this was not going to be of clinical 

consequence and made the recommendation to Medtronic 

Sofamor Danek that they consider holdins the study 

until there could be more follow-up an-1 a better 

determination of the extent of what this observation 

meant. 

And it was after that deliberation that 

the study was put on hold merely to follow these 

patients. 

RR. DIAMONR : Can I ask something 

following up on this? 

CHAIRPERSON FINNEGAN: Yes. 

DR. DIAMOND: Didn't we hear in a letter 

that there was one patient who had bony ingrowth into 

the spinal canal? 

CHAIRPERSON FINNEGAN: I think Dr. -- is 

Dr. McCullough still here? 
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A VOIXE: No. 

CHAIRPERSQN Fr~EG~: He left but I think 

Dr. McCullough's presentation had from using the 

material posterially with a -- 

DR. DIAMOND: That was post -- 

CHAIRPERSQN FINNEGAN: It was in a letter. 

DR. DIAMOND: Right. 

CHATRFERSON FINNEGAN: Yes. 

DR. WITTEN: Yeah, I just want to mentxoon. 

that to the extent that these things -- you know, 

these other studies relate to the effectiveness of 

this indication, then I think asking questions is 

appropriate but to the extent that they're just about 

some other use, we really want to focus the discussion 

here on the particular indications sought by the 

sponsor. 

CHAIRPERSON FINNEGAN: Understood, 

understood, but I think there is some relative safety 

as far as leaving some space. Yes, Dr. Kostuik, did 

you want to add to that? Yes, Rr. Miller. He's 

cleaning his glasses. 

DR. MILLER: While he's cleaning his 
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glasses, perhaps Dr. Diamond and the group here could 

address an issue I've been fumbling with. We have 

three patients who are positive on antibodies; one an 

experimental, one in the control and another 

experimental that was, in fact, positive before they - 

- in the pre-op stage. Now, does this mean really we 

have a small segment of the population that is 

carrying these antibodies not associated at all with 

your giving BMP-2. 

If you took 500 women, pregnant women and 

screened them, how many of them would have that 

antibody? 

CKAIRPERSQN FINNEGAN: Well, I think that 

relates to Dr. -- to Barbara's question, too, so hang 

on a second and we'll get around there. Gene. 

DR. SIEGAL: I'd like to go back to the 

pancreas because I did not understand the answer. You 

said the patient was still alive. Certainly the 

diagnosis was made by either open biopsy, by fine 

needle aspiration or perhaps by radiologically guided 

brushing. Any one of those should give you enough 

cells to seek the answer that was requested. 
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DR. LIPSCOMB: They performed surgery on 

this gentleman. 

DR. SIEGAL; So you do have tissue. 

DR. LIPSCOMB: Yes. I don't think the 

receptor has been looked at though. 

DR. SIEGAL: Okay. So let me then go back 

and ask that question I asked before which is two cell 

lines appeared to show increased mitogenesis and one 

patient develuped pancreatic cancer, the first two 

were pancreatic cell lines. How do you interpret that 

cohort of data? 

DR. BODEN: When we looked at the expected 

frequency of tumors in the population of this size and 

age and demographics, it turns out that the number of 

tumors is actually less than what you would expect in 

the population. The issue that the -- you know, that 

one of the tumors happened to be pancreas, I think at 

this point it would be hard to make any statistical 

case that would be more than just coincidence. 

The other thing is -- 

DR. SIEGAL: There was two, were there 

not, two celcl lines, one? 
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DR. BODEN: No, no, in the cell lines. 

DR. SXEGAL: Two cell lines, one patient. 

DR. BODEN : There were two cell lines. 

There were also pancreatic cell lines that did not 

have that response and also when you look at tissues 

from tumors which Dr. Riedel presented earlier in none 

of the transformed tumor cell lines, so none of the 

live tissue that came out of patients with tumors was 

it ever observed that there was that increase in 

division. 

DR. SIEGAL: Okay, thank you. Now, 5: want 

to go back to my question about whether or not there 

were pathologists involved in any of these studies, 

DR. RIEDEL: Can I just ask one 

clarification? 

DR. SIEGAL: Yes, please. 

DR. RTEDEL: Are you referring to the 

animal studies that looked at spine fusion or the 

animal studies that looked at the safety of the 

implanted product? 

DR. SIEGAL: 1 guess I would ask in any 

studies were there board certifiedveterinary or human 
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pathologists involved? 

DR. RIEDEL: For the animal safety studies 

the implant safety toxicology studies were conducted 

at a contractor, Clinical Trials Bioresearch in 

Centerville -- in Canada. On staff were board 

certified pathologists and veterinary surgeons. To 

the best of my recollection, I can't remember at this 

moment and will have to get back to you on whether the 

histologist was a board certified veterinary 

histologist but I believe he was. 

DR. SIEGAL: And so you don't know either 

whether they have any expertise in bone pathology. 

DR. RIEDEL: Oh, no, I'm sorry, I should 

follow up with that point. We did specifically ask 

for people with specific expertise in bone biology to 

assess the histological samples frum these studies. 

DR. LIPSCOMB: We also have here Dr. 

Jeffrey Toth, who has done histological reports as 

well on samples. 

DR. TOTM: Yes I I'm Jeffrey Toth. I'm an 

associate professor of orthopedic surgery at the 

Medical College of Wisconsin, also direct the 

NEAL R, GROSS 

(202) 234-4433 

COURT REPORTERS AND TRANSCRIBERS 
1323 RHODE ISLANR AVE., N.W. 
WAS~~N~T~N, D.C. 2000537O’f www.nealrgross.cwn 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

266 

biomaterials laboratory for orthopedic surgery. I 

have no financial interest in the company or product 

being reviewed here today nor any other company or 

product. 

1 am not a pathologist. I have done work 

over the last IQ years that has involved bone 

histology as a method of analysis for biomaterials and 

bone implants. I: have about 25 publications and peer 

review publications and book chapters in that area 

especially dealing with spinal implants. 

There were four pre-clinical studies that 

Dr. Boden talked about his morning. Our laboratory 

actually did histology on two of those, so I don't 

know exactly which ones you're referring to. rf I 

could have slide number 23, please. Our laboratory 

actually produced the histology for the -- 

DR. SLEGAL: I don't wish to in any way 

impugn your reputation but I just want to make sure 

yau said you're not a pathologist. 

DR. TOTH: I: am not a pathologist. 

DR. SIEGAL: Thank you. 

DR. RZEDEL: Dr. Siegal, my colleague just 
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corrected me and I should correct for the record, the 

folks that did the work for us at Clinical Trial were 

not boarded histologists. They were boarded 

veterinary pathologists. 

RR. SIEGAL: In the human studies, were 

there any human pathologists involved? 

DR. RTEDEL: Well, Dr. Toth did the 

analysis in the human explants. 

DR. SIEGAL: Okay, thank you. Then the 

next question, I guess, out of order if you will was, 

would there then not be value in performing a study 

comparing the radiology to the pathology in animals 

with appropriate expertise in pathology and radiology? 

DR. ZDEBLICK: Good afternoon, my name is 

Tom Zdeblick. I'm an orthopedic surgeon at the 

University of Wisconsin. I do have a financial 

interest. I'm the inventor of the LT-cage and I have 

patents on the LT-cage and one of the four studies 

that were quoted this morning was the original one 

that I did with goats using a different cage, titanium 

cage I using BMP-2 and that was performed at our School 

of Veterinary Medicine at the University of Wisconsin. 
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And that correlated the radiographs and the pathology 

read by a certified veterinary pathologist, two of the 

mechanical results that we found in that study. 

And there was very good correlation 

between what we saw in histology, the radiograph and 

the mechanicaL performance. 

DR. SIEGAL: Thank you. The last question 

I have hat to do with whether you consider preloading 

the cage with already hydrated BMP-2 in the sponge, ta 

minimize the amount of handling required at the time 

of surgery. 

DR. RIEDEE: Yes, Dr. Siegal, we did 

consider that but there are significant technical 

obstacles to generating, to manufacturing such a 

prelaaded material. We have chosen to go with aseptic 

manufacture of the protein in order to preserve the 

integrity of the protein and avoid any problems 

associated with damage t:a the protein due to terminal 

sterilization of the product. 

The collagen sponge is terminally 

sterilized with ethylene oxide treatment. We wanted 

to avoid the potential damage to the protein 
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Consequently, we have performed validation studies 

using radiolabeled BMP-2 to validate that the method 

that we use for instructing the surgeons to apply the 

protein results in a uniform application of protein 

across the entire volume of the wetted sponge and that 

information. has been provided to the agency in the 

application. 

DR. S;EGAL: Thank you very much. 

CHAIRPERSON FINNEGAN: Dr. Kirkpatrick. 

DR. KIRKPATRICK: I think a couple of my 

questions can be dispensed with fairly quickly but 

first with a yes or no question with regard to my 

question raised during the presentation. Have you 

identified the specific reason that the patients in 

the control group developed an antibody to the bovine 

collagen? Was it because the surgeon used a 

hemostatic agent during the surgery? 

DR. BODEN: There's no way to know that 

fur sure, but certainly people are exposed to bovine 

products in many aspects of life in addition during 

surgery, and so any gelatin-based product of some 
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kind, you know, sutures and things. 

DR. KIRKPATRICK: So as a yes or no 

question, it's no, you don't know? 

DR. BODEN: We have no way of confirming 

that. 

DR. KSRKPATRUZK: Right! that's all I 

wanted to make sure. 

RR, BODEN: NC. 

DR. KIRKPATRICK: Thanks. Sorry8 ScOttf 

but there's a iot of people trying to catch planes 

tonight. with regard to the radiographic data beyond 

24 months and the clinical data beyond 24 months, can 

you just give me again as short an answer as possible, 

did you see the deterioration continue that you 

demonstrated between 12 and 24? 

DR. BODEN: No. 

DR. KIRKPATRXK: In other words, we can 

assume that even though there would be a smaller 

number of patients beyond 24 months, that we would 

find percentage of fusions approximating the ones that 

you saw at 24, no more than a five or X0 percent -- 

DR. BODEN: Understand that the M-month 
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follow-up is really limited to the pilot study which 

had 11 investigational patients and three autogenous 

bone. 

DR. KIRKPATRICK: Would you not also have 

a number at 36 however? 

DR. BUDEN: It wasn't part of that study. 

DR. KIRKPATRICK: So once the 24 months 

was up those patients are no longer- studied? 

DR. BODE& Are you talking in the pivot 

trial or the clinical? 

DR. LIPSCOMB: If m talking about the 

clinical trial between the open -- the two open 

groups. You didnEt do them all in the first month of 

the trial, 

DR. BODEN: No, I mean, there -- 

DR. K3RKPATRICK: So 1 know you've got 

patients beyond 24 months that might be at 36. I'm 

wondering since you showed in your data that you 

deteriorated I think it was like four percent between 

12 and 24, did you continue to see that between 24 and 

36 even though you're probably down to what, 50, 75 

patients at that time? 
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DR. BODEN: The best long term follow-up 

going out to four years is in eight of the 14 patients 

from the pilot trial which is essentially the same 

protocol. And in there, there was five 

investigational and three control and at the 48-month 

follow-up five out of five in the investigational were 

still deemed as fused radiographically and the same 

two out of the three of the control were rated fused. 

So there was no change in the primary outcome variable 

which was radiographic fusion at 48 months. 

'What happens to change in the overall, 

success rate that you're observing is not a change in 

the radiographic or CT determined fusion success. 

It's patients that over time may, with their surgeons, 

decide to have another operation or may require 

another operation for an adjacent problem. so the 

definition of success was very strict in that if 

anything occurred. 

And so what you're seeing with that quote, 

unquote "deterioration", is not really a change in the 

hard core result of bridging bone but rather that 

those other criteria that go into the more clinical 
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fusion rate. 

DR. KIRKPATRICK: What I saw in at least 

one of your case reports of a failure was that between 

12 months they were deemed a fusion and at 24 they 

were a failure because of a pseudoarthrosis, okay f 

specifically in your case example. So what I'm asking 

is, did that happen after 24 munths. 

DR. BUDEN: That was because of a second 

surgery, not because of a radiographic change irr 

reading. That patient was -- 

DR. KIRKPATRICK: The clinical report that 

I saw said he had a pseudoarthrosis, period, okay. A 

pseudoarthrosis is a failure even if it took an 

operation to discover it. 

DR. LIPSCOMB: That was the reason for the 

second surgery that was filled out on the adverse 

event form. That's why the second surgery was 

performed. It was a diagnostic reason for why a 

second surgery. We take a conservative approach 

there. Regardless of what the radiograph show on the 

fusion criteria, if a patient is still having pain or 

whatever and the physician says that I had a suspected 
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pseudoarthrosis here, then they -- and if they do a 

second surgery, they may put pedicle screws on the 

other side, we count that as a fusion failure, just 

because the surgeon called it a suspected or a 

possible pseudoarthrosis, even though it may not jive 

at all with the radiographs. 

DR. KIRKPATRTCK: I'm sorry, I didn't 

memorize the number of the patient so we could discuss 

it specifically. However, the report 1 read did nut 

say possible pseudoarthrosis. It says he was 

reoperated on because it was a pseudoarthrosis. If 

that data is not correct, I'd like to know. If it 

WEtiS, I'd like to know if you followed the patients 

that are now beyond 24 months and found if you have 

any more. 

DR. LWSCOMB: The protocol for the 

pivotal trials specify that patients are seen after 24 

months and then bi-annually which means every other 

year f thereafter until every person in the study has 

gotten two years. That's the criteria, so there is no 

36--month visit for patients to come back in according 

to the schedule. Forty-eight would be the next one 
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provided that everybody didn't get to 24 in the 

meantime. 

I am aware, I think there's been a couple 

of second surgeries after 24 months, though. 

DR. KIRKPATRICK: If you had said that in 

the beginning, my question would have stopped. If L 

knew you weren't looking at anybody from 24 until 48, 

that was -- you can't answer my question. I think 

you've already answered my question on the liver. You. 

don't know, correct? 

DR, LIPSCOMB: That's right, 

DR. KIRKPATRICK: I think in the interest 

of time, the expression of the BMP in a normal is 

probably not worth discussing. I would like, 

however, to know your specific recommendations as far 

as my other question on the off-label use' which is, 

in light of the history of the pedicle screw issue and 

the off-label use there and resulting litigation, how 

would you guard against off-label use of this product 

especially with rhBMP-2? 

DR. LIPSCOMB: We11 you mentioned the 

pedicle screw situation. That is -- that's an 
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interesting concept because when we, as a company, 

were dealing with that issue, and in discussing 

labeling throughout the years with FDA, when we 

started talking about a warning or a precaution or 

some statement like that about, "Don't use a screw in 

the pedicle", it came back that if you tell somebody 

not to use a screw in the pedicle, that's in essence 

an indicatian. 

So a cantra-indication or a warning would 

be an indication. So we couldn't basically do that. 

I think we could propose labeling or would propose 

labeling. We"11 discuss it more with FDA when we're 

discussing the final labeling, but statements could be 

made or -- along the fact that safety and 

effectiveness of InFUSETM bone graft and other spinal 

applications has not been established. 

DR. KIRKPATRICK: Thank you. 

CXATRPERSON FU!lNEGAN: Thank you, Dr. 

Kirkpatrick. AU right, just a couple of short 

questions. The question of elutian within the 

titanium cage, has that been looked at and a second 

part of that question is, do you know if there's any 
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affinity for titanium ions and the B&p? 

DR. RIEDEL: Neither Medtronic Sofamor 

Danek nor we have looked at the bio -- the clearance 

of BMP implanted in a titanium cage. We have, 

however, looked at several animal models that have 

used different geometries of the implanted rhBMP-2 ACS 

and in general the clearance from the implantation 

site follows the same time course and the same general 

pharmokinetics from the site. 

with respect to your second question about 

interaction with titanium ions, we have done no 

studies to look at interactions with any metal, ions 

and the BMP-2. 

CHAS:RPERSON FINNEGAN: The next question 

is, any idea why the ones that failed, failed? I 

mean, it's a pretty simple standard -- 

DR. LIPSCOMB: It depends on what you mean 

by fail. If you're talking about overall success, 

failure, why that rate is what it is? 

CHAIRPERSON FINNEGAN: Actually, did not 

fuse * The other back pain patient population problem 

we're not that interested in but didn't fuse- 
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DR. BODEN: ActuaHy, there's very few, if 

any, that did not fuse based on using the CT criteria, 

bridging trabecular bone. The ones that are -- and 

this is a bit of a confusion because of the way the 

protocol is defined and the way it's presented, a 

radiographic failure technically could be somebody who 

is fused but had another operation because they had 

persistent pain or had adjacent segment degeneration. 

And that would be shown as a radiographic 

failure. If you separate out the radiographic -- the 

definition of radiographic success as bridging 

trabecular bone, I think Dr. Genant will say that 

every patient met that criteria. 

CHAIRPERSON FINNEGAN: No, but at least I: 

know there are two women over 50 who had migration of 

their cage and one of them very definitely. Those x- 

rays and CT scan I could see -- 

DR. BODEN: Yeah, that's -- I'm sorry, 

that's a completely different situation. Those were 

early failures because of technical. problems with the 

cage insertion irrespective of whether the cage is 

filled with autogenous bone graft or infused bone 
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graft, That's a cage technique insertionproblemthat 

surgeon technical irregularity. 

CBAIRPERSON Freeze: Because one of them 

was not approached surgically again, but still did not 

fuse, so I would assume that the material is still 

there and the BMP is still in the cage. 

frt 

art 

of 

DR. BODEN: The BMP is going to be gone 

n the cage presumably within in 14 days. And there 

a number of different animal studies and a variety 

different venues to support that, as well. as 

somebody asked earlier about the -- or it's one of the 

questions about the collagen sponge. That's going to 

be resorbed in four to six weeks most likely, 

depending on the animal model. 

So X think if a cage was sticking out 

front what you have is a situation where you don't 

have the adjacent bone in order to develop blood 

supply and have a continuous or connecting bone. So 

that particular cage in a sense would be an isolation, 

but if there's a case where -- 
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haven't looked at it. My last question, I think, for 

your vice president is, when I looked at the materials 

that you sent it looked like these were all packaged 

together, that is the cage, the BMP hydrated and there 

was one pjcture that had sort of what this was 

supposed to look like. And I guess my question is, if 

you have different sized cages, do you have different 

sizes of the sponge but the same -- this is like 

somebody else's question -- but the same amount of 

BMP? 

DR. LIPSCOMf3: Yes. The key point as Dr. 

Riedel said is the concentration of 1.5 milligrams per 

milliliter and depending on the size of the cage, it 

would take different sizes of vials of BMP. 

CHaIRPERSON FINNEGAN: So both the sponge 

size and the vial, size differ. 

DR. LIPSCOMB: Right, because it would be 

the inner Lumen. It would be the inner lumen of the 

cage that would dictate what size sponge to put in. 
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C~IRPERSON FINNEGAN: So chat goes hack 

to my question about packaging. So then for each size 

cage are you going to have an associated size vial of 

the BMP and associated size of the sponge? 

DR. LIPSGOMB: Well, the BMP kits will be 

sold with a certain size vial with the sponge inside 

the kit. The cage will be sold separately or will be, 

you know, not packac,ed with that. 

DR. RIETEL: There is a volume to volume. 

CHAIRPERSON FINNEGAN: Right, but if your 

cage volume is different then you have to match the 

cage volume to the sponge size and to the volume of 

your -- okay, and the consumer is going to know this 

by -- so I guess two questions then. The InFUSETM is 

going to be sold as a separate unit. It's not sold 

with the cage. 

DR. LIPSCOMB: That is the plan, yes. 

CHAIRPERSON F~~E~~~ okay c and so then 

how is the consumer to know which size of InFUSETM 

goes with which size of cage and how do you control 

that? 

DR. LIPSCOMB: II would be in the 
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labeling. 

fX.A-TRPERSON FINNEGAN: All right, but then 

the surgeon could, in fact, use more or less at his or 

her discretion because they could just buy a different 

size package. 

DR. LIPSCQMB: Well, the inside of the 

cage would dictate what size kit would be required to 

fill the cage. 1 guess I'n nat understanding the 

question but -- 

CHAIRPERSON FINNEGAN: Actually, I think 

yOufre not understanding the creativity of orthopedic 

surgeons, that's my coneem. 

(Laughter) 

CHAIRPERSON ~~~E~~: You answered the 

question. Dr. Naidu? 

DR. NAIDU: Yes, I have a couple of short 

questions. The question about excess bone formation, 

you guys talk about surgical technique. Dr. Boden 

goes into in detail but just looking at your manual, 

nowhere do you describe the preservation of the 

posterior annulus, just be careful about not -- you 

know, you talk about nat perforating through, but is 
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that going to be addressed in a manual in more detail. 

as to how not to place it too close to the nerve roots 

or -- 1 mean, as far as the technique, the surgical, 

technique? 

DR. ZDEBLXCK: The surgeon technique 

manual is pretty specific about ternplating for size 

and the templating takes into account the area of the 

disc space and how far away from the posteriar 

longitude and the ligament you need to stay and then 

second, when you're preparing the channels for the 

cages with the reamer, they're depth specific and 

depth stop will keep you in that range so that you 

inadvertently don't go too far pasterior. 

So at several steps in the technique 

manual it addresses that concern. 

DR. NAIDU: okay, thank you. And the 

second question is, the size ranges of your cages, 

what were the size ranges, small. to the largest, the 

diameter of the cages? 

DR. MATHEWS: Yeah, the cages range from 

14, they go to 16, 18 and 20 mi11imeters. 

DR. NAIDU: so 14 is your smallest 
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diameter? 

DR. MATHEWS : Yes, and they have different 

lengths fram 20 to 26 millimeters in length. 

DR. NAIDU: Okay, now, so when you?e 

seeing these -- this bone formation at I2 months on CT 

scans, what we get are a couple of reconstructions at 

12 months and 24 months and you're saying that the 

dowel of bone that forms between the two segments is, 

at best 14 millimeters thick -- I mean, I'm scrry, at 

best 22 millimeters thick and if you use the smallest 

cage it's about 14 millimeters thick. Is that what 

thuse radiographic data mean? 

DR. BODEN: Yeah. 

CHAIRPERSON FILETS : Scott, you need to 

state your name for the record, so the transcript 

shows it. 

DR, BODEN: Pm sorry, Scott Boden. What 

-- the early fusion tends to be through the cage. 

That's the way the device works whether you're using 

autogenous bone graft or InFUSE? so this is a 

question that really is, in a sense, independent of 

what is causing bone to form. However I what you see 

NEAL R, GROSS 

(202) 234-4433 

COURT REPORTERS AND TRANSCRIBERS 
1323 RHQDE ISMND AVE., N.W. 
WAS~I~GTQ~, O.C. 20005-3702 



1 

2 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

285 

uver time is bone forming around the cages or what is 

secondary bridging across the interspace. It can be 

in front of the cage or the sentinel. sign, that we 

discussed earlier. We showed examples of it going 

around the sides af the cages. 

We see a clear trend that in the case of 

InFUSETM, which seems to have more reliable bone form 

earlier based on measuring units on CT scans, that we 

tend ta see more reliably this bone around the cage- 

SO, if anything, I would say that you get additional 

bone SOQIXX and mure reliably in the InFUSETM cases 

but that's nut a statistical observation. It was not 

an official endpoint. Itfs a empiric observation, but 

it ultimately gets to the same endpoint in appearance 

if you had used autogenous bone graft, but it appears 

to get there quicker with some af those additional 

areas and zones of bone formation. 

DR. NAIDU: Okay, thank you. And the next 

question that I have is more directed towards our 

experts, Dr. Kostuik mainly. Dr. Kostuik, you talk 

about flexionlextension views not being too reliable 

with the advent of this posterior instrumentation 
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world that we're in today. would you say that the 

flexion/extension criteria that the sponsor has 

established such as less than three millimeters of 

translation and less than five degrees af angulation, 

with the use of these cages is a valid radiographic 

criteria since -- if you could expound on that. 

DR. KOSTUIK: I would say that they are 

not valid. There's too much variation in how the 

patient is positianed, how the x-ray is taken, slight 

location of patient during taking the lateral view, 

but the most particular reason for my saying that is 

that these implants provide very significant rigidity 

at least within the first few months, and it's 

certainly been, I think, well-shown and a long-term 

practice with other forms of anterior cages that 

flexionlextensiun x-rays are not statistically valid 

in assessing motion. 

DR. NAIDU 

questions I have. 

l 
. Thank yau. Those are all, the 

CHAIRPERSON FINNEGAN: Thank you. Dr. 

Boyan? 

DR. BOYAN: Well, I don't really have a 
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question. 1 just wanted to state again -- maybe my 

question is really for Integra. On the -- in the 

HelistatTM sponge, you clearly have had 20 years 

experience with that clinically, have you found that 

patients have become sensitized to the type I collagen 

in the sponge or that particular type of type I 

collagen where if they've had repeated procedures, 

that they don't develop an immune response? 

DR. Q'GRADY: Good afternoon. Pm Judy 

O'Grady, Regulatory Affairs, Integra Life Sciences 

Corporation. We're the manufacturer of the absorbable 

collagen sponge which is also known as HelistatTMf 

also known by other names. 

Let me start off by saying that there is 

a X-year history, as you mentioned, of this -- of 

approvals through FDA and marketing of the absorbable 

collagen sponge, In our experience in marketing this 

product as an impLantable medical device, and also in 

numerous clinical trials and the clinical. trials 

involve often repeated application and multiple 

applications of the collagen product, not necessarily 

the WelistatTM but we -- all our products are 
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manufactured from the same source of collagen and also 

undergo the same purification process. 

To this date, in 21 years, both in 

marketing the product and in clinical trials, we have 

never seen any immunogenic response or allergic 

reaction to the product. 

DR. BOYRN: Okay, thank you. And then not 

to cause a problem but, Dr. Riedel, I'm going to turn 

it uver to you on the BMP side of things and the only 

reason why I do this is just to clear the air but BMP, 

you know, it revs a lot of things up and it does, in 

fact, rev up some times immune cells. They're there 

and it isn't a -- I mean, it's -- they're not unhappy 

but they're energized. 

And so have yau done -- in any of your 

animal studies have you looked at this specifically? 

DR. RIEDEL: Other than performing a 

histological assessment at the site of implantation, 

we have not looked at specific immunological markers 

in any of our studies. 

DR. BOYAN: Okay, thanks. 

CHAIRPERSON FINNEGAN: Thank you. Dr. 
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Reddi. 

DR. REDDI: Yes, my questions and issues 

are for the folks from Medtronic Sofamor Danek and 

their collaborators and Wyeth-Genetics Institute. As 

far as the tumorigenicity in which the FDA has 

specifically charged the panel to provide guidance to 

the FDA, I'd like to foll,ow up with one of the experts 

from the sponsors. In addition to studying the 

effects of recombinant human BMP-2 on transformed cell 

lines from one of your grantees in Texas, has there 

been any direct long-term effects on either mice or 

rats to see whether there might be any in vivo 

tumorigenic actions, positive or negative? 

DR. RIEDEI;: I'll start just by 

summarizing the results that I presented this morning 

and that is that we conducted in canines and in rats 

a chronic toxicity study with endpoints at various 

time points to either six or 12 months of foillow-up 

and did extensive histological assessment of the 

implantation site in those animal models. 

Using local. concentrations of BMP-2 r 

they"ve greatly exceeded the therapeutic optimal 
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species and in both of those animal models, we saw no 

evidence of any abnormal cellular events that would be 

suggestive of tumorigenicity in those models. 

DR. REDDI: All right, I take it, it was 

mostly confined locally to an osseous environment. 

DR. RIEDEL: In both instances, you are 

correct, Dr. Reddi. The implant resulted in a 

formation of an osseous environment at the site of 

implantation. 

DR. REDDI: Yes. 1 was most impressed by 

your presentation and description of the effects or 

recombinant human BMP-2 on the femoral onlay model. 

Now f in your extensive pre-clinical studies at 

Medtronic, either Scott Boden or some of the other 

three centers, has there been an attempt to do the 

same experiment of placing such a device, SnFUSETM in 

the environment of the disc? 

DR. RIEI3EL: I'll start the answer by 

referencing a safety study that was done in a canine 

model in which the safety of BMP-2 on the absorbable 

collagen sponge was assessed when it was applied 
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directly to the dura of the spinal cord following an 

laminectomy procedure. This study was conducted as a 

GLP study in an academic laboratory and it was 

actually Dr. Hanley's lab that performed this study 

and the results of that study have been published and 

there were no significant findings in that study, 

DR* REDDI: There is a lot of panel 

members at various times have asked already questions 

about the antibody and the transplacental passage and 

I had given you a heads up to tell me whether you have 

antibodies to the native recombinant BMP-2 and what 

happens if such antibodies are administered to rats or 

mice. 

DR. RIEDEL: I'm going to defer to my 

colleague to address this question. 

I3R. RUP: I'm Bonnie Rup, Genetics 

Institute, Wyeth. You're referring to antibodies that 

were made as reagent antibodies? Yeah, the only 

antibodies that we were able to make by immunizing 

were actually against Ecoli-derived, onimeric (ph) 

BMP-2, or against peptides conjugated to immunogen 

proteins. 
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DR. REDDI: And when you administered -- 

did you administer to pregnant mice or rats and what 

effects did it have on the embryos? 

DR. RUP; We never tried to administer 

them to animals. I cantt tell you that we've tried to 

look to see whether they have neutralizing effects in 

cell-basedbioassay and they don't seen to neutralize. 

D$ REBDI: YW3, and it is aLso weLl- 

known, even tke best antibodies made by Wyeth-Genetics- 

Institute the recombinantBMP--2 cross-reacts withBMP- 

4. Would there be a concern that these antibodies in 

these patients might effect functions which are 

directed in the embryo or elsewhere by BMP-4 or do you 

think it wauld be a concern that we should address? 

DR. RUP: I think that the antibodies that 

-- you know, the few antibodies that can be generated 

in humans, they might cross-react with BMP-4 since 

they're very homogenous. 

DR. ESOYANJ: May I make a comment, Madam 

Chairman? 

CHAPRPERSON FINNEGAN: You may. 

DR. BOYAN: I think that we're all dancing 
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araund about the antibodies and I'm going to take the 

risky thing of saying something out loud 

scientifically and hope that I'm right but it isn"t 

easy to make an antibody to native recombinant BMP-2 

and I think everybody needs to know it's not easy to 

make one and it isn't easy for humans to make one. 

This is a highly conserved common protein that we have 

in our bodies all thetime. 

Generatin; an antibody to it is not a 

small feat and that's why they've had tu go through 

such extensive things to generate them to peptides and 

hook them onto stuff to get the antibodies made. 

DR. RLP: And we definitely concur with 

that. 

DR. DZAMOND: Can I just say une thing, 

though? 

~~~RP~R~~~ FINNEGAN: Yeah. 

DR. DIWOND: I: think that the experience 

with recombinant human proteins in people is that when 

you give it to enough people, you get antibodies. 

DR. BOYAN: I agree. 

DR. DIAMOND: .&nd that we know this with 
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thrombopoietin, with erythropoietin, these are 

recombinant human proteins. They shouldn't be 

immunogenic and I think it really depends on having an 

assay that can look for an interference with biologic 

function and that's very important because, you know, 

very immunogenic, not very immunogenic, eventually it 

will be immunogenic. 

DR. BOYAN: I agre$2. I didn't say it was 

impossible. I said it isn't e~y. 

CHATRPERSUN FINNEGAN: Dr. Lenchik (sic). 

DR. REDDI: The last question 1 have for 

perhaps Dr. Boden or somebody else from Medtronic 

Sofamor is that since when you first put the cage with 

the InFU'SETM device, the cells which are going to see 

it are either the nucleus palposa (phi cells and/or 

the annular cells, has there been some basic studies 

to find out the responsiveness of these cells at what 

you might call a therapeutic index concentrations? 

Waw do they respond? 

CHAIRPERSON FINNEGAN: Don't all jump at 

once there? 

DR. BODEN: Scott Boden. We have 
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histologically not observed any changes in the 

surrounding cartilage. As part of the procedure, 

obviously the cartilage is removed in order to create 

the crevice or the tunnel that the cage goes into. 

And the ceLls that really grow into the sponge, which 

is where the BMP is and if the BMP elutes into the 

adjacent bone because of circulation, tends to be more 

of an exchange with bone cells and mar:*ow cells than 

the relatively acelkular and quiescent qntervertebxal 

disc cells. 

In most cases these discs are very 

degenerative and so the cellular activity is somewhat 

LOW. There are a number af in vitro studies looking 

at BMP-2 and others effects on disc chondrcxytes and 

again, those are in vitro studies. There have not 

been any deleterious effects that I know of. In fact, 

many of them are thought to be beneficial and whether 

or not that would be possible with a single dose 

application, as in this case to make any difference I 

suspect probably not, 

Most of those beneficial attempts at 

intervertebral disc cartUage therapeutics are more 
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with longertermexposures or gene therapy approaches. 

DR. REDDI: Thank you. 

CHMRPERSQN FINNEGMJ: Dr, Lenchik? 

DR. EENCWIK: I have a couple of 

questions, hopefully it will be brief. To get back to 

that question of posterior anatamical barrier that 

exists behind the cage, what do you do abaut patients 

that have annual. tears or worse disc herniations? Is 

the labeling going to be such that this device is- 

contra-indicated in those patients or how do you keep 

them from ossifying the spinal canal? 

DR. BUDEN: Scott Boden. I think that's 

a very appropriate question and, in fact, as you know 

and others know, the normal, population has a very high 

frequency of annular tears. Some of them are 

microscopic, many of them are macroscopic. Patients 

can have defects in the annulus because they've had 

previous disectomy or current herniated discs, 

We believe that (311. of that existed 

because this is a normal disc population and remember 

that in order to form bone at a distant site away from 

the implantation site, it requires not only the 
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elution af recombinant BMP-2 protein but it requires 

a matrix or a substrate in order which to form the new 

bone on. So in none of these hundreds of patients 

which inevitably, based on pathologic studies we know 

from the prevalence of annular fissures and tears was 

that an issue in the pilot clinical or in the pivotal 

clinical trials. 

DR. LENCHZK: So there was not a single 

patient that formed bone posterior to the cage? _ 

DR. BQDEN : There was not a single patient 

-- Scott Boden again. There was nat a single patient 

that formed bone posterior ta the cage outside the 

confines of the disc case. Remember bone in the 

confines of the disc case, anterior, posterior, 

laterally to the cage is a normal finding that we see 

even with successful, autograft fusions over time. 

DR. LENCHIK: A secand question, a repeat 

ta what X asked earlier, what do you think the 

explanation is for why the number of patients fused by 

CT criteria were less at 24 months compared to 12 

months? Were these initial false posit:ives at 12 

months and did yuu look at that group specifically to 
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see if there was any correlation with clinical 

symptoms in that small group? 

DR. BODEN: Scott Boden again. That drop 

in the apparent fusion rate was all. due to the second 

surgery criteria. Those were all. people that had 

operations, for reasons as I stated earlier, that may 

have either been persistent pain, new pain, adjacent 

segment degeneration. So it was nut a change in tkre 

radiographic reading or appearance or the grading of 

the CT scan. 

So in a sense, in terms of positivity# 

false or otherwise, the numbers and the statistics 

that you're probably thinking of were radiographic 

fusion rate, include in it the requirement that there 

not have been a second surgery in order to be 

considered a fusion success as the study is currently 

defined, So the apparent drop in that percentage is 

because of some patients that are getting second 

surgeries. 

DR. LENCHIK: I guess you confused me by 

that, So what you're saying is that actually the 

number of CTs that were fused was not less at 24 
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compared to X2? 

DR. BODEN: That's correct. 

DR. LENCHIK: The other question is also 

somewhat a repeat of what was asked earlier but I'm 

not sure I heard an adequate response. Was the 

radiographic assessment of fusion either by CT or 

plain films, was there any quantitation of that? I 

thought somewhere in the document I read that it was 

graded one through four and A through D, and if so, 

how much of it did you need before you called it 

fused, either on plain film or CT? 

Was one trabecular bridging across 

sufficient or how much of it was required? 

DR. BODEN: This is Scott Boden again. 

The grading system you're referring to was created in 

the pilot study as a means of assessing whether or not 

that type of quantitative analysis would be helpful or 

not since this was broaching somewhat new ground. It 

was determined that effectively the criteria as 

outlined in the pivotal protocol that that 

quantitation of that sort was not useful in coming up 

with an all or none binary answer that was meaningful. 
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So there wasn't, as Dr. Genant mentioned 

earlier, formal quantitation but there were two 

independent readers and I think that if there had been 

one little spicule, that they would not grade that as 

bridging trabecular bone. It would have to be 

meaningful but if you want further clarification, then 

we can get Dr. Genant back. 

DR. LENCHIK: That's all right. The last 

question is perhaps the easiest to answer. I have 

read several times in the documentation that patients 

-- plain films were evaluated first and if they were 

fused by plain films then they were basically 

considered fused. If not, they had CT scan. Does 

that mean that the CT scans were not evaluated in the 

patients who were fused by plain films or were CT 

scans actually read in every single patient from whom 

they were obtained? 

DR. BODEN: CT scans were -- this is Scott 

Boden. CT scans were read in every single patient. 

That was only the decision algorithm as to whether or 

not they were classified as fused. 

DR. GENANT: This is Harry Genant again. 
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